INTRODUCTION
Wet distillers grains plus solubles (WDGS) have been used widely in beef cattle finishing diets. Distillers grains are obtained as ethanol co-products after screening and pressing or centrifugation (Larson et al., 1993) . The advantages of feeding WDGS to cattle include reduced production costs and improved ADG, increased marbling score, and improved feed conversion when compared with other protein sources (Bremer et al., 2008) . Vander Pol et al. (2005) reported that feeding up to 50% of WDGS in finishing diets improved ADG and G:F when compared to feeding high moisture/dry rolled corn. Shand et al. (1998) reported that carcass traits, proximate composition and fatty acid composition were unaffected by wheat-based WDGS diets. This may be due to the lower fat concentration of wheat-based WDGS when compared to corn-based. However, diet formulation may affect beef quality, composition and ultimately shelf life due to increases in polyunsaturated fatty acids (PUFA) (Nelson et al., 2004) . Roeber et al. (2005) showed that inclusion of distillers grains in finishing diets at high rates (40 to 50%, DM basis) had negative effects on beef color but levels up to 25%
were not detrimental to color during retail display. Gill et al. (2008) reported lower L* values of beef (darker color) from animals fed 15% corn-based distillers grains when compared to animals fed the same amount of sorghum-based wet distillers grains (WDG).
Alteration in fatty acid composition of beef has been shown to affect beef quality.
High levels of PUFA are associated with higher values of oxidation and compromised beef color (Wood and Enser, 1997) . Beef from animals fed dry distillers grains possessed higher concentrations of omega 6 fatty acids and omega 6:omega 3 ratios when compared to steam-flaked corn (Gill et al., 2008) . In addition, oxidation of fatty acids results in products like ketones and aldehydes which negatively affect beef flavor and color shelflife (Liu et al., 1995; Jakobsen and Bertelsen, 2000) .
In this study we hypothesized that feeding levels up to 30% of WDGS would not alter marbling, lipid content, objective, and subjective tenderness. Additionally, we also hypothesized that feeding WDGS would increase proportions of PUFA, lipid oxidation, and cause detrimental effects on beef color. Therefore, the objectives of this study were to identify the effects of finishing diets containing WDGS on fatty acids and color.
MATERIALS AND METHODS

ANIMALS
Initially, ninety-six, calf-fed crossbred steers were blocked by BW and randomly distributed to pen (8 steers/pen After fabrication, four 2.54 cm thick steaks were cut from each strip loin, tenderloin and top blade. The first and second steaks were vacuum packaged, frozen (-16°C), and used for sensory, and objective tenderness analyses, respectively. The third steak was vacuum packaged and frozen immediately until the sample could be pulverized in liquid nitrogen with a blender (Waring Commercial, model 51BL32, Torring, CT).
Lipid oxidation, fatty acid profile, and mineral composition were then evaluated. The fourth steak was divided in equally sized halves. The pieces were placed on Styrofoam trays and wrapped in oxygen-permeable film to be exposed to simulated retail display for 4 or 7 d prior to lipid oxidation analysis.
LABORATORY ANALYSES Moisture and ash values were quantified using a LECO Thermogravimetric Analyzer (LECO Corporation, model 604-100-400, St. Joseph, MI). Total fat was determined by ether extraction using the Soxhlet procedure (AOAC, 1990) .
For fatty acids, total lipid was extracted following the chloroform-methanol procedure of Folch et al. (1957) . After extraction, the lipids were converted to fatty acid methyl esters according to Morrison and Smith (1964) and Metcalfe et al. (1966) , and analyzed using gas chromatography (Hewlett-Packard Gas Chromatograph -Agilent Technologies, model 6890 series, Santa Clara, CA). Samples were analyzed using a capillary column (Chrompack CP-Sil 88 (0,25 mm x 100 m). Oven temperature was programmed from 140 to 220°C at 2°C/min and held at 220°C for 20 min. Injector and detector temperature were maintained at 270 and 300°C, respectively. The carrier gas was Helium at a flow rate of 30 mL/min. Fatty acids were identified by comparison of retention times with known standards. In this experiment, after analyzing the fatty acid profile of ribeyes, an upgrade of standards was realized allowing the identification of more fatty acids. Therefore, no estimation of total omega 6 and omega 6: omega 3 could be calculated on ribeye slices.
Mineral composition (mg/kg) was determined by atomic absorption spectroscopy following the methodology of Ward and Gray (1994) . Minerals that were quantified included Ca, P, K, Mg, S, Na, Zn, Fe, Mn and Cu.
Lipid oxidation was measured by the thiobarbituric acid assay (TBA) according to the protocol of Buege and Aust (1978) , modified by Ahn et al. (1998) , at 0, 3 and 7 days of display.
SIMULATED RETAIL DISPLAY Two display retail cases (LNSC5 -Tyler Refrigeration Corporation, Niles, MI) maintained at 2 ± 2°C were used for retail display. Samples were randomly placed in the cases and exposed to continuous fluorescent lightning (Lamp type = F32T8/TL850 ALTO; Phillips, Inc., New Jersey, USA) with intensity of 1614 lx. The test for homogeneity of regression slopes was conducted for marbling score versus fat percentage using the GLM procedure of SAS (Version 9.1, Cary, N.C., 2002).
Data were analyzed using the GLIMMIX procedure of SAS (Version 9.1, Cary, , 2002) . When significance (P ≤ 0.05) was indicated by ANOVA, means separations were performed using the LSMEANS and DIFF functions of SAS.
RESULTS AND DISCUSSION
MARBLING AND FAT There were linear relationships between marbling score and fat percentage in the ribeye (Figure 1 ), regardless of amount of WDGS in the diet. The coefficients of determination ranged from 21 -40%. Slopes were statistically similar at P = 0.72
indicating an equal rate of change between fat content and marbling among the 3 diet treatments. This means feeding WDGS does not alter the ability of a federal grader to visualize intramuscular fat. Feeding WDGS did not affect fat (P = 0.49 and P = 0.43), moisture (P = 0.63 and P = 0.17), or ash (P = 0.44 and P = 0.67) contents in the top blade and tenderloins, respectively.
Feeding grains (starch) supports more propionate production in the rumen, which is responsible for 75% of marbling deposition whereas acetate, produced from digestion of grass (fiber), is responsible for 75% of subcutaneous fat deposition (Smith and Crouse, 1984) . During the corn dry-milling process starch is removed from the grains, resulting in distillers grains with more fiber than ground corn. Conceivably, this feedstuff could move fat deposition away from marbling and toward subcutaneous fat.
However, our study showed that feeding 15 or 30% WDGS did not significantly influence marbling score, marbling texture, marbling distribution or fat content when compared to 0% WDGS (Table 2) . Even with starch removal, Vander Pol et al. (2009) showed that feeding distillers grains stimulated higher propionate production in the rumen, which could help to explain our results. In a meta analysis of multiple studies concerning inclusion of WDGS in cattle diets, Bremer et al. (2008) showed an increase in marbling up to 40% of dietary WDGS (DM basis). For top blades and ribeyes, 18:1 trans fatty acids (18:1t) showed a linear increase as dietary levels of WDGS increased (P < 0.01). No differences in proportions of 18:1 trans fatty acids were observed for tenderloins (P = 0.56).
In our study, feeding WDGS created higher values of omega 6:omega 3 for tenderloins and top blades. Similar results regarding omega 6 and omega 6:omega 3 were found by Gill et al. (2008) when comparing distillers grains to steam flake corn.
Modification of beef fatty acid profiles by feeding WDGS likely occurs because this feedstuff has a higher level of lipid and greater fat digestibility when compared to corn (Lodge et al., 2007; Vander Pol et al., 2009 ). In addition, Vander Pol et al. (2009), analyzed fatty acids passing through the rumen and observed that feeding WDGS led to higher levels of 18:2 and 18:1t in the duodenum when compared to corn, which may result in higher deposition of those fatty acids in the muscle. This explains higher levels of 18:2(n-6) and PUFA in all muscles, as well as higher levels of 18:1t and total trans fatty acids in Longissimus and Infraspinatus from our study.
These results contradict Shand et al. (1998) , who found no impacts on fatty acid composition in beef from animals fed wheat-based wet distillers grains (WDG) and wet brewers grains (WBG). Considering that corn-based WDGS have higher fat concentration when compared to wheat-based, our study demonstrated that corn-based wet distillers grains modify the fatty acid profile of beef.
SENSORY ANALYSIS AND OBJECTIVE TENDERNESS.
Results of sensory analysis and WBSF are presented in Table 6 . Feeding WDGS did not affect WBSF and sensory attributes of top blade and tenderloin steaks. Despite a significant but slight decline in strip steak juiciness at 15% WDGS, no patterns on other sensory traits were observed for any muscle regarding levels of WDGS.
In the present study, feeding WDGS led to a linear decrease of 18:1(n-7) in all muscles (P < 0.01). Camfield et al. (1997) showed that lower values of 18:1(n-7) may lead beef to liver, sour and metallic off-flavor. A similar trend was observed by Jenschke et al. (2007) , reaffirming that there is an inverse relationship between liver off-flavor and levels of 18:1(n-7). In our study, although we detected lower values of 18:1(n-7), panelists did not detect a significant presence of off-flavors in beef from animals fed any dietary treatment. However, steaks for sensory analysis were not subject to retail display, when oxidation could contribute to development of off flavors.
MINERAL COMPOSITION
Feeding WDGS did not alter mineral composition of top blades and strip loins (Table 7) . Sulfur-based compounds are sometimes associated with off-flavor of beef (Brewer, 2006) . In this study, tenderloins from steers finished with 30% WDGS had significantly lower levels of S (P = 0.05) than 0 and 15% WDGS. Other minerals such as Na are correlated to off-flavor development of beef (Jenschke et al., 2007) . In our study no effects on sodium were observed as WDGS levels were increased.
LIPID OXIDATION A significant interaction between retail display day and WDGS treatments was
observed for top blade and strip loin. Top blade steaks from cattle fed 30% WDGS had higher oxidation (higher TBA values) (P < 0.01) after 7 d of display when compared to 0 and 15% WDGS (Table 8) ; similar results were observed for strip loins (P < 0.01) and a linear increase was identified for both muscles (P = 0.02) at day 7 ( fed 30% were less red throughout the display time than steaks from cattle fed 0%WDGS. Roeber et al. (2005) reported that finishing diets including distillers grains at high rates (40 to 50% -DM basis) may negatively affect color stability of strip loin steaks, although low to moderate levels (10 to 25%) could be included in the diet with no detrimental effects. Data from the present study showed that levels up to 15% may influence color desirability after 7 d of retail display for strip loin steaks (Figure 2a ). Top blade color was compromised when steers were fed 30% WDGS. In the muscle, myoglobin is responsible for red color. When myoglobin is oxidized to metmyoglobin, detrimental effects on color can be observed (Liu et al., 1996) . In addition, myoglobin and lipid oxidation are closely correlated (Arnold et al., 1993) . Thus, propagation of oxidation by PUFA from WDGS appears to reduce color desirability during retail display.
Higher values of a* are associated with desirable visual appearance (Zerby et al., 1999) . According to Steiner et al. (2001) , consumers consider color and discoloration when selecting beef products in the display case. Normally, from 2 to 20% of fresh beef in U.S. retail stores is discounted or discarded due to loss of desirable color (Sherbeck et al., 1995) . Compromising color by feeding WDG may increase this percentage.
CONCLUSION
Distillers grains are widely-used as a way of decreasing the cost of beef production.
However, the inclusion of 30% of WDGS in finishing diets increased PUFA and oxidation of beef, resulting in shorter shelf life. 
